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TECHNICAL NOTE NO. 1787 .

COMPARISON QOF THE STRUCTURAL EFFLICIENCY OF
PANELS HAVING STRATGHT-WEB AND CURVED-
WEB Y-SECTION STIFFENERS

By Norris F. Dow and William A. Hickmen
SUMMARY

Comparisons are made of the structural efficiency of panels having
straight-web and curved-web Y-section stiffeners. The comparisons show
that, in the high-stress region in which failure is at least in part
assoclated with local buckling, panels having curved-web Y-section stiff-
eners have higher structural efficiencies than panels having straight-
web Y-section stiffeners; these higher structural efficiencies are
evidenced by higher average stresses at fallure, smaller stiffener heights,
or wider average spacing of rivet lines, in various combinations depend-
ing on the design requirements.

INTRODUCTION

Comparisons of designs of wing compression panels having straight-
web Y-sectlion stiffeners with designs of panels having Z-section stiff-
eners (reference 1) indicated that for some loading conditions the Y-
stiffensd panels had the higher structural efficlencies. Becausge curving
the webs of the Y-sections (fig. 1) increases the local buckling strength,
particularly for laerge width-to-thickness ratios of the webs s Web curveture
appears to offer possibilitles of increasing even further the structural
efficilency of Y-stiffened panels that fail by local buckling. In order
to evaluate the effect of web curvature on the structural efficiency, 48
Panels having curved-web Y-section stiffeners were tested in the Langley
structures research laboratory. The results of these tests are compared.
herein with the results presented in reference 1 for panels with straight-
,web Y-section stiffeners.
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SYMBOLS

The symbols used to represent the varlous d.i:ﬁensions of the ;_panels
are shown in-figures 1 and 2. In addition, the following synmbols are
used: ) . ‘

A cross-sectlonal area, square inches

c coefficlent of end fixity as used in Euler column formila

d dlameter of rivets, inches .

h distence from outside of skin %o axis of cember of gravity of

cross section, inches
I length of panel, inches
pitch of rivets, Iinches

Py intensity of loeding, or compressive load per inch of panel
width, kips per inch

R £illet radlus, inches
cross-sectional area per inch of panel width, expressed as an
equivalent or average thickness, inches
P redius of gyration, inches )
op a:vera.ge stress at failing load, ksi
Ceor stress for local buckling of the sheet, ksi
Ooy compressive yleld stress, ksi
T uni-l-;.shortening at failing load

TEST SPECTMENS AND MANNER OF TESTING

The test specimens were constructed with six stiffensrs and five bays
as shown in figure 1. The nominal values of both the skin thlckness ts

and the stiffener thickness +t,; were held constant at 0.064 inch <_'E_W = J..oo);

s

Three sizes of stiffeners were used corresponding o values of ‘bw/-l-.w of 20,

25, and 30, and the stiffeners were riveted to the sheets with %-fmch—

diameter ALTS-T4 flat-head rivets (ANLU2AD) at %-inch pitch on all panels.
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Vealues of - the ‘with-graln compressive yield stress Ocy for the sheet

material (Alclad T58-T6 aluminum alloy) and for the extrusions (75S-T6
aluninum alloy) are given in tsble 1. Values of the compressive yield
stress for the material used to construct the 75S-T6 eluminum-alloy strai ght-
web Y-stiffened panels of references 1 and 2 are also given in teble 1 for
comparison. The compressive yleld stress for the sheet materlal was
essentially the same for both the stralght-web and curved-wed specimens.

The compressive yleld stress for the stiffeners, however, was, on the
.average, 6 percent less for the curved-web Y-sections than for the stralght-
web Y-sectlons.

The test procedure was essentlally the same as that used in other
panel tests in the Langley structures research leboratory. (See references
3 and 4.) The panels were tested flat-ended, without side support, in
& hydramlic testing machine having an accuracy of one-half of 1 percent
of the load. The stress for local buckling of the sheet was determined
by the straln-reversal method (see reference 5). The ends of the pansls
were ground flat and parallel, and the method of alinement in the testing
machine was such as to insure umiform Pearings on the ends of the specimens.
An end-fixlty coefficient of 3.75 has been indicated for such panel tests
in this machine, and this value was therefore used in reducing the test
data. The unit shortening at failing load €, was measured as the average

of the strains indicated by four, %—inch gage length, resistance-type wire

strain gages mounted on the quarter points of the second and fifth stiff-
eners.

Figure 3 has been prepared as a matter of interest to show the failed
portions of one of the 75S-T6 aluminum-alloy, curved-web Y-stiffened panels
aftor test, and also of the corresponding 24S-T3 and T5S-T6 aluminum-alloy
stralght-web panels of reference 1. All of these panels had the same
nominal values of ty/ty, by/ty, end bg/tg (.00, 30, and 75, respectively),
and also, within 6 percent, the same length and cross-sectional area. The
loads carried at failure, however, as shown in the figure, varied from
201 kips for the 24S-T3 strailght-web panel to 369 kips for the 75S-T6 curved-
web panel, and at failure the curved-web panel shattered, whereas the
stralght-web panels merely wrlnkled locally.

RESULTS

The results are presented in table 2 and figure 4. Values of the
actual test proportions are given for each specimen in table 2, together
with the values of average stress at fallure &p, the stress for local

buckling Oy the ratio of Intensity of loading to effective length of

(. e e Lt e g g fon e &
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P f

panel -171-"3-: s end the unit shortening at failure.€p . In figure L4 the
P
values of Ef for each panel are plotted against 1 and are compared

LfVe
with the corresponding velues for the T55-T6 stralght-web Y-stiffened
panels of reference 1 to show the effect of web curvature on the panel
strength. In general, even though the value of the compressive yield
stress ogy for the curved-web Y-section extrusions wes less than faor
the straight-web sectlons (see teble 1), the average stress at failure |
Tor the curved-web panels was greater than that for the corresponding

straight-web panels, except in the long-colum range (1ow values
Py ’
L/ve
DESIGN CHARTS

Direct-reading design charts based on the test results for curved-
web Y-stiffened panels and similar in all respects to the charts of
reference 2 for straight-web Y-stiffened penels are presented in figures
5 and 6. Charts of this type may be used to find directly the panel
Proportions vwaich will -carry a given intensity of loading, at a given
offective length of panel, with a given sheet thickness. Because only
one ratio of stiffener thickness to skin thickness tw/ts has been

tested with curved-web Y-section stiffeners, only one design chart

Sy

for -1_; = 1.00 } is presented. The pa.nei proportions which have

minimm weight for this value of ty/tg *mey be found as those corre-

sponding to the blue curves or reg:lﬁns on the charts. The reason that

the curves expand into regions at E-\T = 33.8 or 60.7 is simply that

values of H/ty less than 33.8 or greater then 60.7 are not considered
in these charts. Too much importance should not be attached to the
exact proportions indicated to have minimum welght becanse in many cases
‘the proportions may be varied somewhat from those indicated by the blue
with little change in the value of the stress that can be carried. The
section properties corresponding to the pamnel proportions covered by the
charts may be found In teble 3.

COMPARTSON OF THE STRUCTURAL. EFFICIENCIES OF STRAIGHT-

WEB AND CURVED-WEB Y-STIFFENED PANELS

]
\

A comparison of the structural efficiency of straight-wedb and curved-
web Y-stiffened panels cen logically be divided into two parts: a com-
parison of panels of such length that failure 1s primerily by columm
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bending and a comparison of panels of shorter length such that fallure

is, at least in part, associated with local buckling of the plate elements
of which the panel is composed. The reason for separating the comparison
into two parts is that curving the webs of the Y-sections, becansé 1t adds
material near the axis of the center of gravity, decreases the efficlency
of the panel as a colum at the same time that it raises the efficlency
from the standpoint of local buckling. Web curvature can be accordingly
expected to have either an adverse or bemeficial effect upon the structural
efficlency, the type of effect depending upon the length of the panel.

The beneficlal effect of web curvature at the shorter lengths [ high

P
values of ﬂ?f_é)is shown in figure % for the particular proporticns tested.

Web curvature produced the greatest increase in average stress at failure

by

for the largest stiffeners ( -_E-W = 30 ]. Compariscons based simply on the

increase in stress-carrying a&bility of these particular proportions due to
web curvature are apt to be misleading, howsver. If a panel has such
proportions that it fails at a low stress, the falling stress can be
increased without great difficulty by almost any change in proportions. If
a panel is efficiently proportioned, on the other hand, to cerry a high
stress, the sams change In proportions may decrease the efficlency.

In ord.ef to generalize and to remove the difficulties assoclated
with the partlcular comparisons of figure ll-, an envelope curve of Tp

P
against f]%—; for curved-web Y-stiffened panels was prepared and is

compared in figure T with the envelope curve of reference 1 for 75S-T6
straight-web panels. The fact that little difference exists between
the envelopes for the curved-web and straight-web panels at low values

P
of 17%(5 (long panels that fail by colum bending) but that at higher.
values of ﬂi\/—é' (shorter panels) the envelope -for the curved-web panels

is the higher confirms in & general way the beneficial effect of web
curveture at the shorter lengths. .

The foregoing remarks should not bs interpreted as indicabting that
a gensral comparison is always better than & particular comperison. Quite
the reverse 1is true. The designer 1s interested in the relative merits
of various types of comstruction for his particular applicatlon and the
comparison between actual designs suitable for that &application is the
most valid comparison that he can make. The direct-reading design charts
(figs. 5 and 6) are useful for meking such comparisons because they show
directly the panel proportions and the corresponding stresses that can be
carried for given values of the principal design conditions.
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A systematic serles of such particular comparisons, made by studying
the curves of the dssign charts (figs. 5 and 6) and the corresponding
charts of reference 2 reveals that, except in the long-column range,
the curved-web pamnels generally have wider averags spaclings of rivet
lines S +then the straight-web panels which meet the same values of

P
the deslgn conditions Pi/'l:s and 'f.71',/"é‘ A typical example is the case
Py Pi . .
for —= = 120 ksi and = 030 ksi for which the following panel
s T/ :

dosigns are given by the design charts:

Sy | wew | s/

Straight web 52.2 33.8 38.7

Curved web 53.0 33.8 k2.3

Similarly, study of figures 4 end 6 revesls that in some‘cases a
curved-web Y-stiffened panel can be designed to have less welght, smaller
helght stiffeners, and a wider average spacing of rivet lines than the
lightest corresponding stralght-web Y-stiffened panel. For example,

P . .
at -é}; 119 kei and _L/_t_g = 0.25 ki, the following minimm-welght design
for _X = 1.00 is given by the design charts of reference 2 for panels with

ts
straight-web stiffeners:

-0- , ksi o L] * L] L] L] * L] L ] L] L] L] L] L] .. L] L] L4 * L L] L] L] L L] . L] L] L ] . 50.0
H L] L ] L L L] L] L] L L] L ] L] L] L] L] L] [ ] - L4 L] L] L 4 L d * L L] L L] L L] L] L ] 39.2
S/g L] L . L ] L] L * . L] L ] L] L] * L ] L ] L [ ] L] L 4 L * L] L] L] L L L L4 L] - [ ] hl.g

A corresponding design of a panel with curved-web stiffeners ls given by
interpolation in figure 5 or 6 to be

?‘ﬁ,bi.u.’......."......'...........gg‘g
/3 A 3

In other words, the curved-web panel may have higher average stresses
at failure, smaller height stiffenera, or wilder average spacing of rivet
lines, in verious combinations depending upon the design conditions.
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CONCIL.UDING REMARKS

Comparisons have bsen made of the structural efficiency of pansls
having straight-web and curved-web Y-seciion stiffeners. The comparisons
showed that, in the high-stress region in which failurs is at least in
part assoclated with local buckling, panels having curved-web Y-section
stiffeners have higher structural efficiencies than panels having straight-
web Y-section stiffeners, these higher structural efficiencies being
evidenced by higher average stresses at fallure, smaller stiffener
heights, or wider average spacing of rivet lines, in various combinations
depending on the design requirements. '

Langley Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., October 29, 1948
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TABLE l.~ VAIUES OF THE COMPRESSIVE YIELD STRESS FOR THE

MATERTATS USED FOR THE CURVED-WEB Y-STIFFENED PANELS

AND THE STRAIGHT-WEB Y-STIFFENED PANELS

(ksi)
Sheet Stiffeners
(Alclad) (extruded)
Curved web
" Maximm 69.0 81.0
Average 674 T35
Minimm 65.9 62.8
Straight webl
Maximm 69.7 &.
Average 67.3 78.2
Minimm 64.7 67.6

1From reference 1.
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TABLE 2.~ TEST DATA AND PROPORITIONS OF CURVED-WEB Y-STIFFENED SPECIMENS HAVING

ALCIAD T5S-T6 SHEET AND 755-16 STTFFENERS

Euminalmporummslvnnmyamthasea;%-0.96;%"-1.073%-1.%;%-2.144;%-7.8]

Proportions of test specimens Testrdm
vy by by ha W W L o ar : T
Ayl B | B | W] W =3 N I ) T R
0.08%) | (1.00 20 3 e lowsm |
(o. (0.97; gl? zgo,i ‘3.%; (o.&{s (o.k:g 1.6 62.3 64.2 1. T25%10°3
%2; 3'12 23.9 gs igg 870 ﬁg g.g gg g 57_;%
e | G| B3| A w6 | - e | e %2 | ;
(25)
<0634 980 ek.7 25.2 942 851 457 | 1h6 .2 .8 L.282 823
AR IR AR IR AR A 1
: Tl el Z23l3n | B ZFlae || Z3| 2|2
(30)
. K ol 0. 10.1% 07 J52 | a4, X 1.1 829
AEEE EIEIEEIREIEIE
.0522 w16 | S | 308 | 205 & 453 | 880 3.5 o8 | =3
0626 981 3(35{ & ?; 10.22 818 dro | s | wer | 62 | 123 | 765
IR IR AE AR IR AR IR
. . o . L . . .5 . .
. 968 | 354 | 204 | 0.8 .88 a5 | B 2. o6 | =6
.06 999 | sh1 %fi 9.86 .860 do | w6 | wa | e | 1 &
. osgg 1.% 33;;; gi lg.lﬂ .g ﬁg gg ggg ggg 493 ;g
«0626 «598 35:3 25.6 1.0:3 863 A4 | 87.6 22.7 % 215
- (30)
. .868 33. 32.0 10,52 868 o b Tel 61.7 .886
B | we | BhIEy) BE | 5| R Heal) w5
.0392 oz | 25| B | B :?@ ey | B8 " o o | =5
(50) (Bog
0682 1.080 | 49.5 | 18. 9.53 937 g 4.2 2h.9 2.9 1.075 617
.%5:{{ .% hs:z ;9,.:5( 1%.51 .%szg 'uss 522; gi ll9.0 513 g
wl | | x| af] o | s | B | | 22| B ZE
(25)
«0638 <973 50.5 25.1 9.7% 859 460 | 145 o5 60.8 90k 853
.osgo +939 51.3 as.z 9.83 867 439 | 2.0 3.5 4 Jok | 76
?8 925 1 30. 6. 10.87 - 430 | %0.6 25,9 & Ja98 | =33
. 31} 1.010 50, 25.2 10.25 .@ .’1-58 8.9 23.3 . 222
(30)
<0628 97T o7 30, 9.76 895 453 | 1k6 23.4 58.2 +Th0
= DB B R BB HE 2E
+0619 on | ¥e9 | 310 | . o3 a2 | o6 3.7 | o | 2
AR
.8238 <971 -0 20.0 10.19 .&0 480 12.9 11.2 52.9 +860 715
n | S| Brl R BB | B | es| 2l Bl BB
-0616 S | B3| 03| 0m .88k el aa | B s 033 | 209
'osasm . 8 g?; 2 e | 4| e | oak | sk .;'gg ae
o . T5e 27.3 . . hoo- .5 10.0 . .
«0640 1. 5.7 25.0 9.3 860 .l:63 )I9.9 1.2 ﬁ-g -163 533
.0632 995 | .5 | 5.3 | 10.92 855 J57 | &4 | 122 | 218 oh7 | 29
0
0665 2005 The6 %‘,,% B96 9% A [ b 106 54.3 6 g
= | = ﬁ:g PRI NE | @B | e =l Rl B
<0594 +905 o7 32.2 .21 861 430 [ 86, 12.1 22.1 <041 27

8lengths are for the actual test specimens for which ¢ = 3.5 approxizmately.
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Figure | —Cross section of test specimens.
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Figure 6—Direct-reading design chart (alternate form) for flat compressia/: panels of 75576
aluminum alloy with curved-web Y-section stiffeners, f-/.ao.
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Figure 7—Comparison of envelope curves for 75S5-T6
* aluminum-alloy straight-web and curved-—
web Y-stiffened panels having —:ﬁ =100.
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(Data for straight-web panels from reference l)



